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1. (i) Find the Laplace transform of the following signals (avoid integration when possible) 30% 

  (a) e−3(t+2)u(t), where u(t) is the unit step function.  

  (b) √1 − sin2(3t) u(t)  

  (c) d

dt
(te−tu(t)) 

 

   
 

 

 (ii) For the system shown below where α is a parameter of the system, 

2s

1



1s

α



+
X(s) Y(s)+

+

 

 

  (a) Determine the overall transfer function H(s) = Y(s)/X(s). 20% 

  (b) Find the impulse response, h(t), when α = 0 and α = 6. Check the stability 
conditions for each case. 

30% 

  (c) Determine the range of α that makes this system stable. 20% 

 

2. One complete period from - π ≤  t < π of the square wave signal f(t) is given as follows 

f(t) = {
−1         for      -π ≤ t < 0 
+1         for       0 ≤ t < π

. 

 

 (i) Express this periodic function as a complex Fourier series, in the form 

f(t) = ∑ ck ejkωot 

∞

k=-∞

. 

60% 

 (ii) Using your answer from (i), find the trigonometric Fourier coefficients ak and bk for 
this signal, and hence express f(t) as a trigonometric Fourier series. 

25% 

 (iii) Why all ak obtained in (ii) are equal? 15% 
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3. (i) Use the Laplace transform to find the zero-state response y(t) = yzs(t) of the 
following differential equation. 

d2

dt2
x(t) + 3

d

dt
x(t) + 2x(t) = sin(t) u(t) 

30% 

     

 (ii) Evaluate y(t) = u(t) ∗ h(t), where h(t) is as shown below, 

0 1 2
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time
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  (a) by using the convolution formula directly, and 25% 

  (b) by using the Laplace transform. 20% 

  (c) Sketch y(t) resulted from either method. 25% 
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Useful Formulae 

Fourier Series 

, dtf(t) e
T

1
c

2/T

2/T

t-jn
n

0



   /T20 

 

t)sin(nbt)cos(nacf(t) 0n0

1n

n0  


  

),2Re(ca nn  )2Im(cb nn   

Laplace Transform 








0

-st dtf(t) e)s(F  

Transform Pairs Properties 

1)t(

as

1
e

s

!n
t

as

s
)atcos(

as

a
)atsin(

)s(F)t(f

at

1n

n

22

22











 

)s(F
ds

d
)t(f)t(

)0(f)s(sF)t(f
dt

d

s/)s(Fd)(f

)as(F)t(fe

a

s
F

a

1
)at(f

)s(aF)t(af

t

0

at






















 
Fourier Transform 
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Transform Pairs 

 
0j t

0

f(t) F j

e 2 ( )

u(t) ( ) 1 ( j )





  

     

 

Properties 
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Trigonometric 
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Integration 
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